Callosal projection neurons (CPN) are a diverse population of neocortical projection neurons that connect the two hemispheres of the cerebral cortex via the corpus callosum. They play key roles in high-level associative connectivity, and have been implicated in cognitive syndromes of high-level associative dysfunction, such as autism spectrum disorders. CPN evolved relatively recently compared to other cortical neuron populations, and have undergone disproportionately large expansion from mouse to human. While much is known about the anatomical trajectory of developing CPN axons, and progress has been made in identifying cellular and molecular controls over midline crossing, only recently have molecular-genetic controls been identified that specify CPN populations, and help define CPN subpopulations. In this review, we discuss the development, diversity and evolution of CPN.
Introduction
The cerebral cortex, and neocortex in particular, contains hundreds of distinct neuronal subtypes that enable it to perform incredibly complex tasks. Complexity of cognition and associative behavior expands with increased abundance and diversity of unique, yet precise connectivity among these neuronal subtypes [1] . Callosal projection neurons (CPN) play a key role in this high-level associative complexity. They are interhemispheric commissural pyramidal neurons, whose myelinated axons make up the corpus callosum, the largest white-matter tract in the placental mammalian brain, which connects the two cerebral hemispheres [2] . This review will discuss recent studies that have advanced our understanding of the development, diversity and evolution of CPN.
Development of the neocortex
During neocortical development, initial populations of partially fate-restricted progenitors sequentially give rise to the wide variety of diverse mature neural cells: neurons, astroglia and oligodendroglia [3] . The diverse neocortical neuronal population can be broadly divided into two main divisions: (i) excitatory glutamatergic projection neurons; and (ii) inhibitory GABAergic interneurons. Excitatory neocortical projection neurons arise primarily from apical and early basal intermediate progenitors in the dorsal (pallial) ventricular zone (VZ) and later from an intermediate population of basal progenitors in the subventricular zone (SVZ) [4, 5] , while interneurons arise from progenitors in the ventral (subpallial) ganglionic eminences [6] . The six-layered neocortex progressively forms in an inside-out fashion during embryonic development, with later-born superficial-layer neurons migrating past the earlier-born deep-layer neurons. Superficial neocortical layers arise primarily from later-born intermediate basal progenitors of the SVZ, a type of transit-amplifying progenitor generated from radial glia progenitors [7] . Neurons with the same laminar location share a common birthdate [8, 9] ; however, even within a layer, many anatomically and molecularly distinct neuronal subtypes coexist. Thus, substantial neuronal diversity exists both between and within layers, and laminar position is not nearly sufficient to define neuronal subtype identity and function. While broad controls governing cortical patterning are well studied, only recently have neuron subtype-specific controls begun to be elucidated [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
Three broad subclasses exist within the class of excitatory cortical projection neurons: (i) corticofugal projection neurons (CFuPN); (ii) CPN; and (iii) ipsilateral circuit connection neurons. CFuPN project away from the cortex; they respect the midline, are earlier born and reside in the deep layers (as is discussed later in this review, are also evolutionarily older). CFuPN project both subcortically to deeper brain areas, and subcerebrally to brainstem and spinal cord targets. In contrast, CPN cross the midline in the brain, project interhemispherically, and function to integrate information between the two cerebral hemispheres. CPN are more abundant than CFuPN and comprise the largest class of commissural neurons in placental mammals [2] ; their cell bodies principally reside in cortical layers II/III (approximately 80% in rodents), layer V (approximately 20% in rodents) and, to a lesser extent, layer VI.
Abnormalities of CPN are pathological. Absence of CPN connectivity in humans is associated with defects in abstract reasoning, problem solving and generalization [22] . CPN dysgenesis is one of only a few reproducibly identified pathologies in autism spectrum disorders (ASD), with reduced corpus callosum connectivity relative to overall brain volume observed in affected individuals, often with a smaller corpus callosum [23] [24] [25] [26] [27] [28] . In addition, complete or partial agenesis of the corpus callosum, as well as surgical callosotomy, result in cognitive deficits that differ depending on when in development CPN connections are lost, how much of the corpus callosum is disturbed and the extent of secondary effects, such as aberrant connectivity [22] .
